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(54) MEDICAL SYSTEM AND MEDICAL INFORMATION PROCESSING DEVICE

(57) A medical system 1 according to an exemplary
embodiment includes a data acquisition unit 10 and a
data processing unit 20. The data acquisition unit 10 is
configured so as to acquire, from a patient, at least two
types of data among blood oxygen data, auscultatory
sound data, ocular image data, and ocular blood flow
data. The data processing unit 20 is configured so as to
process the at least two types of data acquired by the
data acquisition unit 10, in order to detect a change in
the condition of the circulatory system that accompanies
an infectious disease.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to a
medical system and a medical information processing
apparatus.

BACKGROUND OF THE INVENTION

[0002] Symptoms of a disease and signs of aggrava-
tion (exacerbation, worsening) of a disease are complex,
and various techniques and technologies have been de-
veloped to detect them. For example, Patent Document
1 below discloses, as a technique or technology for de-
termining the risk of infection without using advanced
medical knowledge, a technique or technology for deter-
mining the risk of infection on the basis of the presence
or absence of abnormalities in arterial blood oxygen sat-
uration, body temperature, and heart rate.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0003] PATENT DOCUMENT 1: Japanese Unexam-
ined Patent Application Publication No. 2016-123605

BRIEF SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] One object of the present disclosure is to pro-
vide a novel technique or technology for detecting a
symptom associated with an infectious disease and/or a
sign of aggravation with a high degree of precision.

MEANS FOR SOLVING THE PROBLEM

[0005] A medical system according to some aspect ex-
amples includes: a data acquiring unit configured to ac-
quire from a patient two or more types of data among
blood oxygen saturation data, auscultatory sound data,
ocular image data, and ocular blood flow data; and a data
processor configured to process the two or more types
of data acquired by the data acquiring unit to detect a
conditional change in a circulatory system associated
with an infectious disease.
[0006] In a medical system according to some aspect
examples, the conditional change in the circulatory sys-
tem may include one or more of an onset of pneumonia,
a change in a condition of pneumonia, an onset of hy-
poxemia, a change in a condition of hypoxemia, and a
change in a condition of cerebral blood flow.
[0007] In a medical system according to some aspect
examples, the ocular image data may include fundus im-
age data depicting an eye fundus of the patient.
[0008] In a medical system according to some aspect

examples, the data processor may be configured to de-
tect the conditional change in the circulatory system
based on a running pattern of a blood vessel depicted in
the fundus image data.
[0009] In a medical system according to some aspect
examples, the fundus image data may include one or
more types of image data among fundus camera image
data, slit lamp image data, optical coherence tomography
image data, and scanning laser image data.
[0010] In a medical system according to some aspect
examples, the ocular image data may include color fun-
dus image data depicting an eye fundus of the patient.
[0011] In a medical system according to some aspect
examples, the data processor may be configured to de-
tect the conditional change in the circulatory system
based on color information in the color fundus image da-
ta.
[0012] In a medical system according to some aspect
examples, the color fundus image data may include one
or more types of image data among fundus camera image
data, slit lamp image data, and scanning laser image
data.
[0013] In a medical system according to some aspect
examples, the data processor may include an inference
processor configured to perform inference processing
that derives information on the conditional change in the
circulatory system from the ocular image data acquired
by the data acquiring unit by using a trained model con-
structed by machine learning using training data that in-
cludes ocular image data and diagnostic result data.
[0014] In a medical system according to some aspect
examples, the ocular blood flow data may include fundus
blood flow data that represents blood flow dynamics in
an eye fundus blood vessel of the patient.
[0015] In a medical system according to some aspect
examples, the fundus blood flow data may include wave-
form data that represents a time series change in blood
flow velocity in an eye fundus artery of the patient, and
the data processor may be configured to detect the con-
ditional change in the circulatory system based on the
waveform data.
[0016] In a medical system according to some aspect
examples, the fundus blood flow data may include two
or more pieces of waveform data respectively acquired
from the patient in two or more different time periods, and
the data processor may be configured to detect the con-
ditional change in the circulatory system by comparing
the two or more pieces of waveform data.
[0017] In a medical system according to some aspect
examples, the fundus blood flow data may include either
one of or both blood flow velocity data and blood flow
rate data for the eye fundus artery of the patient, and the
data processor may be configured to detect the condi-
tional change in the circulatory system based on either
one of or both the blood flow velocity data and the blood
flow rate data.
[0018] In a medical system according to some aspect
examples, the data acquiring unit may include an optical
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coherence tomography apparatus configured to perform
scanning of an eye fundus of the patient to acquire the
fundus blood flow data.
[0019] In a medical system according to some aspect
examples, the auscultatory sound data may include lung
sound data acquired from the patient by an electronic
stethoscope.
[0020] In a medical system according to some aspect
examples, the data acquiring unit may be configured to
further acquire either one of or both body temperature
data and heart rate data from the patient.
[0021] A medical system according to some aspect ex-
amples may further include a transmitter configured to
transmit information output from the data processor to a
doctor’s computer terminal located remotely from the da-
ta acquiring unit.
[0022] A medical system according to some aspect ex-
amples may further include an operation unit used for
performing a remote operation of the data acquiring unit.
[0023] A medical information processing apparatus of
some aspect examples includes: a data receiving unit
configured to receive two or more types of data among
blood oxygen saturation data, auscultatory sound data,
ocular image data, and ocular blood flow data acquired
from a patient; and a data processor configured to proc-
ess the two or more types of data received by the data
receiving unit to detect a conditional change in a circu-
latory system associated with an infectious disease.
[0024] In a medical information processing apparatus
of some aspect examples, the conditional change in the
circulatory system may include one or more of an onset
of pneumonia, a change in a condition of pneumonia, an
onset of hypoxemia, a change in a condition of hypox-
emia, and a change in a condition of cerebral blood flow.
[0025] In a medical information processing apparatus
of some aspect examples, the ocular image data may
include fundus image data depicting an eye fundus of
the patient.
[0026] In a medical information processing apparatus
of some aspect examples, the data processor may be
configured to detect the conditional change in the circu-
latory system based on a running pattern of a blood ves-
sel depicted in the fundus image data.
[0027] In a medical information processing apparatus
of some aspect examples, the ocular image data may
include color fundus image data depicting an eye fundus
of the patient.
[0028] In a medical information processing apparatus
of some aspect examples, the data processor may be
configured to detect the conditional change in the circu-
latory system based on color information in the color fun-
dus image data.
[0029] In a medical information processing apparatus
of some aspect examples, the data processor may in-
clude an inference processor configured to perform in-
ference processing that derives information on the con-
ditional change in the circulatory system from the ocular
image data received by the data receiving unit by using

a trained model constructed by machine learning using
training data that includes ocular image data and diag-
nostic result data.
[0030] In a medical information processing apparatus
of some aspect examples, the ocular blood flow data may
include fundus blood flow data that represents blood flow
dynamics in an eye fundus blood vessel of the patient.
[0031] In a medical information processing apparatus
of some aspect examples, the fundus blood flow data
may include waveform data that represents a time series
change in blood flow velocity in an eye fundus artery of
the patient, and the data processor may be configured
to detect the conditional change in the circulatory system
based on the waveform data.
[0032] In a medical information processing apparatus
of some aspect examples, the fundus blood flow data
may include two or more pieces of waveform data re-
spectively acquired from the patient in two or more dif-
ferent time periods, and the data processor may be con-
figured to detect the conditional change in the circulatory
system by comparing the two or more pieces of waveform
data.
[0033] In a medical information processing apparatus
of some aspect examples, the fundus blood flow data
may include either one of or both blood flow velocity data
and blood flow rate data for the eye fundus artery of the
patient, and the data processor may be configured to
detect the conditional change in the circulatory system
based on either one of or both the blood flow velocity
data and the blood flow rate data.
[0034] In a medical information processing apparatus
of some aspect examples, the auscultatory sound data
may include lung sound data.
[0035] A medical information processing apparatus of
some aspect examples further may include the data re-
ceiving unit further receives either one of or both body
temperature data and heart rate data acquired from the
patient.
[0036] A medical information processing apparatus of
some aspect examples may further include a transmitter
configured to transmit information generated by the data
processor to a doctor’s computer terminal located re-
motely from at least one apparatus used to acquire the
two or more types of data from the patient.

EFFECT OF THE INVENTION

[0037] These aspect examples allow the precision of
detection processing of disease symptoms associated
with an infectious disease and/or signs of aggravation to
be improved.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING

[0038]

FIG. 1 is a diagram illustrating an example of a con-
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figuration of a medical system according to an aspect
example.
FIG. 2 is a diagram illustrating an example of a con-
figuration of data to be processed by a medical sys-
tem according to an aspect example.
FIG. 3 is a diagram illustrating an example of a con-
figuration of a medical system according to an aspect
example.
FIG. 4 is a diagram illustrating an example of a con-
figuration of a medical system according to an aspect
example.
FIG. 5 is a diagram illustrating an example of a con-
figuration of a medical system according to an aspect
example.
FIG. 6 is a flowchart illustrating an example of an
operation of a medical system according to an aspect
example.
FIG. 7 is a diagram illustrating an example of a con-
figuration of a medical information processing appa-
ratus according to an aspect example.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The present disclosure provides descriptions of
several aspect examples of a medical system and a med-
ical information processing apparatus. Some aspect ex-
amples are configured to detect a change in a condition
(state) of a circulatory system (a conditional change in a
circulatory system) associated with an infectious disease
by processing using a computer two or more types of
data freely selected from a set including blood oxygen
saturation data, auscultatory sound data, ocular image
data, and ocular blood flow data. This computer process-
ing may include diagnostic inference. This diagnostic in-
ference may be performed, for example, by using one of
an algorithm that uses a trained model constructed by
machine learning (inference model) and an algorithm that
does not use such a trained model. Alternatively, the di-
agnostic inference may be performed by a combination
of these two types of algorithms.
[0040] The types of data subjected to the computer
processing are not limited to blood oxygen saturation da-
ta, auscultatory sound data, ocular image data, and oc-
ular blood flow data, and may include other types of data
in some examples. Examples of these other types of data
may include biological data acquired from a patient using
an examination apparatus, data stored in a storage de-
vice such as a database, and so forth. Here, examples
of the biological data may include body temperature data,
heart rate data, and so forth, and examples of the data
stored in the storage device may include electronic med-
ical record data, clinical encounter (patient encounter,
medical interview) data, patient’s background informa-
tion, and so forth. Examples of the patient’s background
information may include age, treatment history, medical
history, health history, medication history, surgical histo-
ry, and so forth.
[0041] Some aspect examples may be configured to

be capable of detecting complex physiological events
such as symptoms of a disease associated with an in-
fection and signs of aggravation of a disease with high
precision, by performing comprehensive processing of
blood oxygen saturation data, auscultatory sound data,
ocular image data, ocular blood flow data. In particular,
such aspect examples may be configured to be capable
of detecting a conditional change in a circulatory system
associated with an infectious disease with high precision.
In addition to this, some aspect examples are devised
by taking the background described below into account,
and can achieve corresponding advantageous effects.
[0042] Healthcare workers such as doctors and nurses
are exposed to the risk of in-hospital infection (health-
care-associated infection). For example, during the pan-
demic of the novel coronavirus infection (Coronavirus
Disease 2019; COVID-19) in 2020, the risk of infection
to healthcare workers became one of major problems,
as cluster infections occurred at medical institutions that
were crowded with patients. The increased risk of infec-
tion to healthcare workers can occur not only during ep-
idemics of infectious diseases, but also in the event of
disasters or major accidents.
[0043] In general, it is considered important to ensure
a sufficient distance between people (what is referred to
as social distancing) to reduce the risk of infection. How-
ever, it is not easy to keep adequate social distances in
standard clinical environment. For example, when using
a stethoscope to listen to sounds generated by a heart,
lungs, blood vessels, and so forth, or when using a slit
lamp microscope to observe an eye, the doctor or other
healthcare workers must be in close proximity to the pa-
tient to carry out the procedure.
[0044] Some aspect examples may be configured to
provide a result obtained by the above-mentioned
processing performed on the basis of the two or more
types of data, to a doctor’s computer terminal that is lo-
cated remotely from an apparatus that has used for ac-
quisition of the two or more types of data from the patient.
Here, the apparatus used for the acquisition of the two
or more types of data may be a data processor or an
examination apparatus. Further, some example aspects
may be configured to perform an operation of a data proc-
essor (or an examination apparatus) from a remote lo-
cation. Such a configuration makes it possible to realize
utilization, for a diagnostic purpose, of data acquired from
examinations (e.g., auscultation, slit lamp examination,
etc.) that could not previously be conducted without being
in close proximity to a patient. In other words, according
to these aspect examples, it becomes possible to main-
tain social distances between patients and healthcare
workers, and also to achieve detection of complex phys-
iological events, such as disease symptoms and aggra-
vation signs, with high precision.
[0045] Here, the "remote location" or being "located
remotely" may be any positional relationship that can
keep social distances between patients and healthcare
workers. For example, the doctor’s computer terminal
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may be located in a room separate from a room in which
the examination apparatus is located, or may be located
in a facility separate from a facility in which the examina-
tion apparatus is located. In addition, a device used for
conducting an operation of the examination apparatus
from a remote location, such as an operation device and
an operation unit, may be located in a room separate
from a room in which the examination apparatus is locat-
ed, or may be located in a facility separate from a facility
in which the examination apparatus is located.
[0046] It should be noted that in the cases where an
examination is conducted under an adequate infection
protection system, such as when full protective clothing
is worn, it is not necessary to ensure social distancing.
In the cases where only some of the examinations (re-
ferred to as specific examinations) are conducted under
an adequate infection protection system, some aspect
examples may be configured to provide information to a
doctor’s computer terminal located remotely from each
of the examination apparatuses used for examinations
other than the specific examinations.
[0047] Any of the aspect examples in the present dis-
closure may be modified by any of the matters and items
described in the documents cited herein and any other
known techniques or technologies. This modification
may be, for example, any of addition, combination, sub-
stitution, replacement, deletion, omission, and other
processing.
[0048] At least one or more of the functions of the el-
ements described in the present disclosure may be im-
plemented by using a circuit configuration (circuitry) or a
processing circuit configuration (processing circuitry).
The circuitry or the processing circuitry may include any
of the followings, all of which are configured and/or pro-
grammed to execute at least one or more functions dis-
closed herein: a general purpose processor, a dedicated
processor, an integrated circuit, a central processing unit
(CPU), a graphics processing unit (GPU), an application
specific integrated circuit (ASIC), a programmable logic
device (e.g., a simple programmable logic device
(SPLD), a complex programmable logic device (CPLD),
or a field programmable gate array (FPGA)), an existing
or conventional circuit configuration or circuitry, and any
combination of these. A processor may be considered to
be processing circuitry or circuitry that includes a tran-
sistor and/or another circuitry. In the present disclosure,
circuitry, a circuit, a computer, a processor, a unit, a
means, a part, a section, or a term similar to these may
include hardware that executes at least one or more func-
tions disclosed herein, and/or hardware that is pro-
grammed to execute at least one or more functions dis-
closed herein. Hardware may be the hardware disclosed
herein, or alternatively, known hardware that is pro-
grammed and/or configured to execute at least one or
more functions described herein. In the case in which the
hardware is a processor, which may be considered as a
certain type of circuitry, then circuitry, a circuit, a compu-
ter, a processor, a unit, a means, a part, a section, or a

term similar to these may be a combination of hardware
and software. In this case, the software may be used to
configure the hardware and/or the processor.
[0049] The aspect examples described below may be
freely combined. For example, two or more of the aspect
examples may be combined at least in part.

< Configuration of Medical System >

[0050] Several examples of a configuration of a med-
ical system of some aspect examples will be described.
The medical system 1 illustrated in FIG. 1 includes the
data acquiring unit 10, the data processor 20 and the
output unit 30. The medical system 1 may further include
the operation device 2.
[0051] In some typical examples, the data acquiring
unit 10 and the data processor 20 are connected via a
communication line. This communication line may form
a network in a medical institution, or may form a network
across a plurality of facilities. The communication tech-
nology applied to this communication line may be freely
determined, and may include any of various kinds of
known communication technologies such as wired com-
munication, wireless communication, near field commu-
nication, and so forth. The aspect or mode of connection
between the data processor 20 and the output unit 30
may also be the same. In some alternative examples,
the data processor 20 and the output unit 30 may be
individual functional units installed in the same computer.
[0052] The operation device 2 is used by a healthcare
worker to perform an operation of the data acquiring unit
10 (examination apparatus) from a remote location (i.e.,
to perform remote operation, remote manipulation, or re-
mote control of the data acquiring unit 10). The operation
device 2 is also used by a healthcare worker (examiner)
to provide an instruction and so forth to a patient (subject)
who is undergoing an examination using the data acquir-
ing unit 10 (examination apparatus). The operation de-
vice 2 of some examples includes any of a computer, an
operation panel, and so forth.
[0053] The data acquiring unit 10 is configured to ac-
quire ophthalmic data from a patient. In particular, the
data acquiring unit 10 is configured to acquire from a
patient two or more types of data among blood oxygen
saturation data, auscultatory sound data, ocular image
data, and ocular blood flow data.
[0054] An apparatus used for acquisition of blood ox-
ygen saturation data from a patient (referred to as a blood
oxygen saturation measurement apparatus) may be, for
example, a pulse oximeter described in Japanese Unex-
amined Patent Application Publication No. 2019-111010.
The type of blood oxygen saturation data detected by the
blood oxygen saturation measurement apparatus may
be freely determined, and may be, for example, at least
one of: oxygen saturation data, oxygen content data (ox-
ygen concentration data), and oxygen feed rate data.
[0055] An apparatus used for acquisition of ausculta-
tory sound data from a patient (referred to as an auscul-
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tatory sound measurement apparatus) may be, for ex-
ample, an electronic stethoscope described in Japanese
Unexamined Patent Application Publication No.
2017-198. The type of auscultatory sound detected by
the use of the auscultatory sound measurement appara-
tus may be freely determined, and may be, for example,
at least one of: tracheal breath sounds data, bronchial
breath sounds data, alveolar breath sounds data (lung
sounds data), heart sounds data, and blood flow sounds
data.
[0056] An apparatus used for acquisition of ocular im-
age data from a patient (referred to as an ophthalmic
imaging apparatus) may be any ophthalmic modality ap-
paratus. The ophthalmic modality employable as the oph-
thalmic imaging apparatus may be, for example, a pho-
tographing type modality or a scanning type modality.
Types of the ophthalmic imaging apparatus include an
optical coherence tomography apparatus, a fundus cam-
era, a slit lamp microscope, and a surgical microscope.
Further, the ophthalmic imaging apparatus may be a fun-
dus imaging apparatus capable of acquiring fundus im-
age data. Fundus image data is, for example, image data
in which a fundus blood vessel is depicted, and is used
for analysis of a blood vessel running pattern.
[0057] The optical coherence tomography apparatus
and/or the fundus camera may be, for example, appara-
tuses in which various kinds of imaging preparation op-
erations are automated, as described in Japanese Un-
examined Patent Application Publication No.
2020-44027. Note that the imaging preparation opera-
tions are performed to prepare imaging conditions. Ex-
amples of the imaging preparation operations include
alignment adjustment, focus adjustment (focusing), op-
tical path length adjustment, polarization adjustment, and
light amount adjustment. Further, the optical coherence
tomography apparatus and/or the fundus camera may
be configured to perform an automatic operation for
maintaining favorable imaging conditions achieved by
the imaging preparation operations. Examples of the au-
tomatic operation include automatic alignment adjust-
ment in accordance with an eye movement (eye track-
ing), automatic optical path length adjustment in accord-
ance with an eye movement (Z lock), and so forth. These
automatic operations are effective, for example, in ex-
aminations that are conducted without an examiner by
the side of a subject.
[0058] Ocular image data acquired by the optical co-
herence tomography apparatus (referred to as optical
coherence tomography image data) may be, for example,
at least one of: three dimensional image data obtained
by applying three dimensional scanning to a fundus, pro-
jection image data of three dimensional image data, and
optical coherence tomography angiography (OCTA) im-
age data.
[0059] Ocular image data acquired by the fundus cam-
era (referred to as fundus camera image data) may be,
for example, at least one of: color fundus image data,
infrared fundus image data, and fluorescent contrast fun-

dus image data (e.g., fluorescein angiography image da-
ta, indocyanine green angiography image data, or the
like).
[0060] A scanning laser ophthalmoscope may be, for
example, an apparatus described in Japanese Unexam-
ined Patent Application Publication No. 2014-226156.
Ocular image data acquired by the scanning laser oph-
thalmoscope may be, for example, at least one of: color
fundus image data, monochrome fundus image data, and
fluorescent contrast fundus image data.
[0061] A slit lamp microscope may be, for example, an
apparatus usable for remote imaging, as that described
in Japanese Unexamined Patent Application Publication
No. 2019-213734. Ocular image data acquired by the slit
lamp microscope may be, for example, at least one of:
color fundus image data, anterior eye segment cross sec-
tional image data, and anterior eye segment three dimen-
sional image data.
[0062] Any known apparatuses may be employed for
ophthalmic imaging apparatuses of other types than
those described above. For example, a surgical micro-
scope usable for remote surgery, as that described in
Japanese Unexamined Patent Application Publication
No. 2002-153487, may be employed as an ophthalmic
imaging apparatus.
[0063] An apparatus used for acquisition of ocular
blood flow data from a patient (referred to as an ocular
blood flow measurement apparatus) may be an appara-
tus of any measurement method or technique. The ocular
blood flow data includes, for example, data that repre-
sents blood flow dynamics in a fundus blood vessel of
the patient (referred to as fundus blood flow data). The
ocular blood flow measurement apparatus may be, for
example, an optical coherence tomography (OCT) ap-
paratus described in Japanese Unexamined Patent Ap-
plication Publication No. 2019-54994, an OCT apparatus
described in Japanese Unexamined Patent Application
Publication No. 2020-48730, or the like. An ocular blood
flow measurement apparatus according to some aspect
examples may be configured to utilize the known tech-
niques or technologies described above, thereby acquir-
ing waveform data that represents a time series change
(time course change, chronological change, time-de-
pendent change) in blood flow velocity in a fundus artery
of a patient, and/or, acquiring blood flow velocity data
and/or blood flow rate data (blood flow amount data) for
a fundus artery of a patient. In some typical examples,
the waveform data is a time series change graph of blood
flow velocity represented by a two dimensional coordi-
nate system in which the horizontal axis represents time
and the vertical axis represents blood flow velocity. An
apparatus employable as an ocular blood flow measure-
ment apparatus is not limited to an optical coherence
tomography apparatus. For example, a laser speckle
flowgraphy (LSFG) apparatus described in Japanese
Unexamined Patent Application Publication (Translation
of PCT Application) No. 2017-504836 may also be em-
ployed as an ocular blood flow measurement apparatus.
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[0064] As mentioned above, the types of data acquired
by the data acquiring unit 10 of some aspect examples
are not limited to blood oxygen saturation data, auscul-
tatory sound data, ocular image data, and ocular blood
flow data. In some aspect examples, the data acquiring
unit 10 may be capable of acquiring body temperature
data and/or heart rate data. Body temperature data of a
patient is acquired, for example, by using the thermom-
eter in the system described in Japanese Unexamined
Patent Application Publication No. 2018-29964. Heart
rate data of a patient (e.g., heart rate, electrocardiograph-
ic waveform, etc.) is acquired, for example, by using the
heart rate and electrocardiogram meter described in Jap-
anese Unexamined Patent Application Publication No.
2017-148577.
[0065] Some aspect examples may be capable of ac-
quiring any type of data such as blood flow data, pulse
data (pulse rate data), respiratory function data, blood
pressure data, and so forth. For example, blood flow data
(e.g., blood flow velocity data, blood flow rate data, blood
flow velocity distribution data, etc.) and/or pulse data
(e.g., pulse rate, the number of pulses, etc.) may be ac-
quired by using any of the following devices: the ultra-
sonic blood flowmeter described in Japanese Unexam-
ined Patent Application Publication No. 2008-36095, the
laser blood flowmeter described in Japanese Unexam-
ined Patent Application Publication No. 2008-154804,
and the electromagnetic blood flowmeter described in
Japanese Unexamined Patent Application Publication
No. Hei10-328152. In addition, respiratory function data
may be acquired by using the respiratory monitoring sys-
tem described in Japanese Unexamined Patent Applica-
tion Publication (Translation of PCT Application) No.
2019-527117. Here, examples of the respiratory function
data include respiratory rate data (breathing rate data),
tidal volume data, minute ventilation data (pulmonary
ventilation per minute data, minute volume (MV) data,
minute breathing capacity (MBC) data), intratracheal
pressure data, airflow velocity and amount data, ventila-
tion work amount data, inspiratory gas concentration da-
ta, and inspiratory water vapor data. Further, blood pres-
sure data (e.g., blood pressure value, etc.) and pulse
data (e.g., pulse rate, etc.) may be acquired by using the
blood pressure meter in the system described in Japa-
nese Unexamined Patent Application Publication No.
2018-29964.
[0066] Some aspect examples may be configured to
execute processing on ocular characteristic data (ocular
feature data, ocular property data) acquired by an oph-
thalmic measurement apparatus. Ocular characteristic
data is data indicating a condition of an eye, and is char-
acteristic data such as numerical data, evaluation data,
or the like. Types of the ophthalmic measurement appa-
ratus include, in addition to the ocular blood flow meas-
urement apparatus described above, an ocular refraction
measurement apparatus, a tonometer, a corneal en-
dothelial cell examination apparatus (a specular micro-
scope), a higher order aberration measurement appara-

tus (a wavefront analyzer), a visual acuity test apparatus,
a perimeter, a microperimeter, an ocular axial length
measurement apparatus, an electroretinography appa-
ratus, a binocular visual function examination apparatus,
a color vision examination apparatus, and so forth. Jap-
anese Unexamined Patent Application Publication No.
2018-38518 discloses an example of the ocular refraction
measurement apparatus (a refractometer, a keratome-
ter), an example of the tonometer (a non-contact tonom-
eter), an example of the specular microscope, and an
example of the wavefront analyzer. The visual acuity test
apparatus may be, for example, an apparatus capable
of conducting remote visual acuity tests described in Jap-
anese Unexamined Patent Application Publication No.
2018-110687. Any known apparatuses may be em-
ployed for other types of ophthalmic measurement ap-
paratuses.
[0067] In the present aspect, at least one of the exam-
ination apparatuses included in the data acquiring unit
10 (e.g., an electronic stethoscope, an ophthalmic imag-
ing apparatus, an ophthalmic measurement apparatus,
etc.) may be capable of performing remote operation
and/or remote control.
[0068] As an example, considering the risk of infection
to healthcare workers, separate rooms for examination
and operation can be prepared as an examination room
and an operation room. Here, the examination room is
used for conducting an examination using an examina-
tion apparatus, and the operation room is used for per-
forming an operation of the examination apparatus. In
addition to the examination apparatus, the examination
room may be equipped with any of the following types of
devices: a speaker and/or a display to output an instruc-
tion issued by an operator from the operation room (e.g.,
voice, image, video, etc.), a video camera to photograph
a subject (patient) in the examination room, a microphone
to input voice of the subject, and a computer connected
to the examination apparatus.
[0069] On the other hand, the operation room is
equipped with the operation device 2 used for performing
remote operation of the examination apparatus. The op-
eration device 2 includes any one or more of a computer,
an operation panel, a display, a video camera, and a
microphone. The computer executes processing for re-
mote control. The computer is connected to the exami-
nation apparatus installed in the examination room. The
operation panel, the video camera, and the microphone
are used to input an instruction for the subject. The dis-
play shows visualization of data acquired by the exami-
nation apparatus, visualization of information for remote
operation (e.g., a screen, information from the examina-
tion room, etc.), and so forth.
[0070] With such configurations, the operator (health-
care worker) can conduct remote operation, from the op-
eration room, of the examination apparatus located in
the examination room using an application programming
interface (API), for example. The operator can also send
an instruction from the operation room to the subject by
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the use of a videophone. As a result, the subject can
undergo an examination by him/herself in accordance
with the instruction issued by the operator at a remote
location. This makes it possible to significantly reduce
the risk of the operator getting an infection from the sub-
ject.
[0071] In order to more preferably conduct an exami-
nation carried out by a patient (subject) by him/herself,
the above-mentioned examination apparatus with auto-
mated preparation operations may be used. In this case,
it is conceivable that an examination can be performed
without requiring an instruction from an operator. In some
cases, no assistant (such as an operator) may be pre-
pared. However, some patients may find it difficult to per-
form an examination alone. Therefore, the following
measures may be taken, for example: an assistant may
be arranged on standby at a remote location, or an as-
sistant may be arranged to monitor the status, state, con-
dition, situation, or the like of an examination from a re-
mote location. The assistant (e.g., operator, etc.) who
sends an instruction to the patient may be a personified
computer system or an anthropomorphic computer sys-
tem. A typical example of such computer systems is an
automatic response system configured by using artificial
intelligence technology.
[0072] FIG. 2 shows an example of data configuration
for processing (e.g., recording, transmitting, etc.) various
kinds of data acquired by the data acquiring unit 10. The
data configuration 100 of the present example includes
the blood oxygen saturation data part 110, the ausculta-
tory sound data part 120, the ocular image data part 130,
the ocular blood flow data part 140, the body temperature
data part 150, the heart rate data part 160, and the op-
tional data part 170.
[0073] The blood oxygen saturation data part 110 is a
region (e.g., folder, etc.) in which blood oxygen saturation
data acquired by a blood oxygen saturation measure-
ment apparatus in the data acquiring unit 10 is recorded.
[0074] The auscultatory sound data part 120 is a region
in which auscultatory sound data acquired by an auscul-
tatory sound measurement apparatus in the data acquir-
ing unit 10 is recorded.
[0075] The auscultatory sound data part 120 includes
the lung sound data part 121. The lung sound data part
121 is a region in which lung sound data acquired by an
auscultatory sound measurement apparatus is recorded.
Note that types of sub-regions provided in the ausculta-
tory sound data part 120 are not limited to the lung sound
data part 121, and may include a region in which a freely
selected type of auscultatory sound data is recorded.
[0076] The ocular image data part 130 is a region in
which ocular image data acquired by an ophthalmic im-
aging apparatus in the data acquiring unit 10 is recorded.
The ocular image data part 130 includes the fundus im-
age data part 131 and the color fundus image data part
132.
[0077] In the fundus image data part 131, for example,
image data to be used for analysis of a running pattern

of a fundus blood vessel or for other types of processing
is recorded. Examples of fundus image data recorded in
the fundus image data part 131 include the following
types of data: optical coherence tomography image data
(e.g., three dimensional image data, projection image da-
ta, optical coherence tomography angiography image
data, etc.), fundus camera image data (e.g., color fundus
image data, infrared fundus image data, fluorescent con-
trast fundus image data, etc.), scanning laser image data
(e.g., color fundus image data, monochrome fundus im-
age data, fluorescent contrast fundus image data, etc.),
color fundus image data acquired by a slit lamp micro-
scope, and so forth.
[0078] In the color fundus image data part 132, for ex-
ample, image data to be used for analysis of color tones
of an eye fundus or for other types of processing is re-
corded. Examples of fundus image data recorded in the
color fundus image data part 132 include the following
types of data: fundus camera image data (color fundus
image data), scanning laser image data (color fundus
image data), color fundus image data acquired by a slit
lamp microscope, and so forth.
[0079] In the case where the same image data is used
for both blood vessel running pattern analysis and color
tone analysis, there is no need to record this image data
in both the fundus image data part 131 and the color
fundus image data part 132. For example, such image
data may be recorded in one of the fundus image data
part 131 and the color fundus image data part 132, as
well as information (e.g., a tag, etc.) indicating that this
image data can also be used for another purpose corre-
sponding to the other of the fundus image data part 131
and the color fundus image data part 132 may be at-
tached to this image data. According to such a configu-
ration, it becomes possible to use a single piece of image
data for both purposes.
[0080] The ocular blood flow data part 140 is a region
in which ocular blood flow data acquired by an ocular
blood flow measurement apparatus in the data acquiring
unit 10 is recorded. The ocular blood flow data part 140
includes the fundus blood flow data part 141. The fundus
blood flow data part 141 records data representing blood
flow dynamics in a fundus blood vessel, which is referred
to as fundus blood flow data as mentioned above.
[0081] The fundus blood flow data part 141 includes
the waveform data part 142, the blood flow velocity data
part 143, and the blood flow rate data part 144. In the
waveform data part 142, recorded is waveform data that
represents a time series change in blood flow velocity
acquired by blood flow measurement applied to a fundus
artery. In the blood flow velocity data part 143, recorded
is blood flow velocity data acquired by blood flow meas-
urement applied to a fundus artery. In the blood flow rate
data part 144, recorded is blood flow rate data acquired
by blood flow measurement applied to a fundus artery.
[0082] Note that, waveform data is generated from a
plurality of pieces of blood flow velocity data acquired
respectively at a plurality of different time points, blood
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flow velocity data at a specific time point is obtained from
waveform data, and blood flow rate data is calculated
from waveform data, blood flow velocity data, or like type
of data. Considering these facts, it is not necessary to
provide all the waveform data part 142, the blood flow
velocity data part 143, and the blood flow rate data part
144. Some typical examples may be configured to record
only a specific type of data that is provided to processing
performed by the data processor 20 in the ocular blood
flow data part 140. Some alternative examples may be
configured to record only waveform data in the ocular
blood flow data part 140, and obtain blood flow velocity
data, blood flow rate data, etc. from this waveform data
by the use of the data processor 20.
[0083] The body temperature data part 150 is a region
in which body temperature data acquired by a thermom-
eter in the data acquiring unit 10 is recorded. The heart
rate data part 160 is a region in which heart rate data
acquired by a heart rate meter (or an electrocardiogram
meter) in the data acquiring unit 10 is recorded.
[0084] The optional data part 170 is a region in which
a freely selected type of data is recorded. For example,
in the optional data part 170, data acquired by an exam-
ination apparatus, other than those mentioned above, in
the data acquiring unit 10 may be recorded. Further, elec-
tronic medical record data, clinical encounter (patient en-
counter, medical interview) data, and so forth may be
recorded in the optional data part 170. Furthermore, in-
formation on a patient (subject) may be recorded in the
optional data part 170. Examples of such patient infor-
mation include an identifier, patient’s background infor-
mation, and so forth.
[0085] The data processor 20 performs various kinds
of data processing. The data processor 20 of the present
aspect example is configured to process data acquired
by the data acquiring unit 10 in order to detect a condi-
tional change in a circulatory system associated with an
infectious disease.
[0086] Examples of conditions (e.g., diseases, symp-
toms, physiological events, etc.) of a circulatory system
associated with an infectious disease include pneumo-
nia, hypoxemia, and circulatory dysfunction (e.g., cere-
bral blood flow abnormalities, etc.) associated with novel
coronavirus infection (COVID-19). The present aspect
example is configured to be capable of detecting a
change in at least one of these conditions.
[0087] According to the Journal of the Japanese Soci-
ety of Internal Medicine, Vol. 109, pp. 392-395 (2020),
the severity distribution of novel coronavirus infection
(COVID-19) shows the following results: mild 80.9%,
moderate 13.8%, severe 4.7%, and unknown 0.6%.
Here, mild refers to no pneumonia to mild pneumonia,
moderate refers to dyspnea, respiratory rate ≥ 30
breaths/min, oxygen saturation (SpO2) ≤ 93%, or rapid
deterioration of a lung shadow, and severe refers to any
of the respiratory failure, shock, and multiple organ fail-
ure. With reference to the severity distribution, it can be
thought that oxygen saturation decreases with the pro-

gression of hypoxemia associated with novel coronavirus
infection (COVID-19) (hypoxemia associated with pneu-
monia). Against such a background, the present aspect
example may be configured to employ blood oxygen sat-
uration data, which has been acquired by a blood oxygen
saturation measurement apparatus in the data acquiring
unit 10, as an evaluation index (assessment index) for
hypoxemia associated with novel coronavirus infection
(COVID-19). The same may apply to other types of in-
fectious diseases.
[0088] The following case report of the Japanese As-
sociation for Infectious Diseases reports a case in which
a marked decrease in oxygen saturation and temperature
rise were not observed in a patient with novel coronavirus
infection (COVID-19) during follow-up hospitalization of
another disease: "A case of COVID-19 infection that was
not noticed at the time of hospitalization ‘The greatest
weapon of the novel coronavirus is a stealth attack’
-Warning to general hospitals-" (Japanese Association
for Infectious Diseases website: http://www.kansen-
sho.or.jp/uploads/files/top-
ics/2019ncov/covid19_casereport_200403 _2.pdf).
Note that the occurrence of pneumonia associated with
novel coronavirus infection (COVID-19) was confirmed
by simple chest computed tomography (CT). On the other
hand, fever, heart palpitations, and so forth are listed as
major symptoms of novel coronavirus infection (COVID-
19). Taking such a background into account, the present
aspect example may be configured to use data other than
blood oxygen saturation data (e.g., body temperature da-
ta, heart rate data, etc.) as an evaluation index for pneu-
monia associated with novel coronavirus infection (COV-
ID-19). The same may apply to other types of infectious
diseases. Is should be noted that, as mentioned in the
case report mentioned above, care must be taken when
handling data that are affected by other factors, such as
body temperature data of a patient who takes antipyretic
analgesics.
[0089] According to the following document, it is known
that continuation of hypoxemia increases the tortuosity
of a fundus blood vessel: Irena Tsui et al. "Retinal Vas-
cular Patterns in Adults with Cyanotic Congenital Heart
Disease", Journal Seminars in Ophthalmology, Volume
24, 2009, Issue 6. Therefore, it is supposed that a running
pattern of a blood vessel understood from fundus image
data can change as hypoxemia progresses. In consider-
ation of such a background, the present aspect example
may be configured to use fundus image data, which has
been acquired by an ophthalmic imaging apparatus in
the data acquiring unit 10, as an evaluation index for hy-
poxemia associated with novel coronavirus infection
(COVID-19). The same may apply to other types of in-
fectious diseases.
[0090] According to the following document, it is known
that the color tone of a living tissue changes due to hy-
poxemia: Adrian Spiteri "The blue patient" (ht-
tp://dx.doi.org/10.1136/emerged-2016-205729). This
phenomenon is caused by the fact that oxyhemoglobin
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in arterial blood decreases due to a decrease in blood
oxygen concentration, resulting in the appearance of a
color similar to that of venous blood. Considering the fact
that changes in color tones are remarkable in body parts
such as the tongue and lips in which capillaries can be
seen through, it is supposed that the color tone of the
eye fundus also changes significantly. Taking such a
background into account, the present aspect example
may be configured to use color fundus image data, which
has been acquired by an ophthalmic imaging apparatus
in the data acquiring unit 10, as an evaluation index for
hypoxemia associated with novel coronavirus infection
(COVID-19). The same may apply to other types of in-
fectious diseases.
[0091] In an early stage of novel coronavirus infection
(COVID-19) (i.e., if the degree of severity of novel coro-
navirus infection (COVID-19) is mild), fever, dehydration,
and hypoxemia may lead to sympathetic dominance
(sympathetic nervous system dominance), resulting in
increased heart rate and cardiac output, a stronger heart-
beat, and increased blood pressure. According to the fol-
lowing document, in a study of 137 patients with novel
coronavirus infection (COVID-19), the first symptom (in-
itial symptom) in 7.3% of patients was palpitations: Kui
Liu et al. "Clinical characteristics of novel coronavirus
cases in tertiary hospitals in Hubei Province", Chinese
Medical Journal, 2020; Vol (No), (DOI: 10. 1097/CM9.
0000000000000744).
[0092] In the case where an increase in arterial blood
flow rate is exhibited in this way, it is considered that the
waveform of an arterial blood flow tends to be "Large &
bounding" among the five pulse types described in the
following document: Zhaopeng Fan et al. "Pulse Wave
Analysis", Advanced Biomedical Engineering, Dr. Gae-
tano Gargiulo (Ed), 2011 (ISBN: 978-953-307-555-6).
[0093] On the other hand, according to the following
document, it is known that as the severity of novel coro-
navirus infection (COVID-19) increases, systemic inflam-
mation causes blood vessels to dilate (vasodilation) and
therefore blood pressure to decrease as well as inflam-
mation and hypoxia damage myocardial cells (heart mus-
cle cells) and therefore cardiac functions deteriorate:
Yasemin Saplakoglu, "The mysterious connection be-
tween the coronavirus and the heart", LIVE SCIENCE
(https://www.livescience.com/how-coronavirus-affects-
heart.html). Then, the myocardial contractile ability (the
ability of heart muscles to contract) becomes reduced,
resulting in an inability to pump adequately, a weakening
of the heartbeat, and a decrease in cardiac output (heart
output). In this case, it is considered that the shape of
the waveform of an arterial blood flow tends to be "small
& weak" among the five waveform types mentioned
above. If this is the case, oxygen saturation (SpO2) is
considered to be even lower.
[0094] In consideration of such a background, the
present aspect example may be configured to use ocular
blood flow data and/or blood oxygen saturation data,
which has been acquired respectively by an ocular blood

flow measurement apparatus in the data acquiring unit
10 and by a blood oxygen measurement apparatus in
the data acquiring unit 10, as an evaluation index for
symptoms associated with novel coronavirus infection
(COVID-19). The same may apply to other types of in-
fectious diseases.
[0095] According to the following document, it is known
that an abnormal cardiac function is reflected in the shape
of waveforms representing time series changes in the
blood flow velocity of a retinal artery acquired using an
optical coherence tomography blood flowmeter: Kana
Minamide et al., "What can be seen from fundus blood
flow measurement using optical coherence tomography
(OCT)", Frontiers in computational science connected by
23 advanced cases: Understanding and predicting things
by calculation (Kindai Kagaku-sha), Chapter 21, 2020.
For example, FIG. 21.6 (p. 255) of the same document
shows a comparison of retinal artery waveforms of a pa-
tient with aortic valve stenosis (before and after treat-
ment) and a retinal artery waveform of a normal person.
Thus, the shape of a retinal artery waveform changes
due to a disease that causes abnormalities in cardiac
pumping. Similarly, changes in a cardiac function asso-
ciated with aggravation of an infectious disease are
thought to appear in the shape of a waveform for one
heartbeat acquired using an optical coherence tomogra-
phy blood flowmeter. For example, a time delay from an
initial phase of a heartbeat to a peak phase is indicative
of a reduction in the contractile function of a heart. In
addition, a decrease in the area under a waveform for
one heartbeat is indicative of a decrease in a cardiac
output.
[0096] Considering such a background, the present
aspect example may be configured to use ocular blood
flow data, which has been acquired by an ocular blood
flow measurement apparatus (e.g., optical coherence to-
mography blood flowmeter) in the data acquiring unit 10,
as an evaluation index for cardiac dysfunction (circulatory
dysfunction) associated with novel coronavirus infection
(COVID-19). The same may apply to other types of in-
fectious diseases.
[0097] According to the following document, it is known
that a blood flow condition inside an intracerebral artery
(middle cerebral artery) changes due to an infectious dis-
ease: Haring HP et al. "Time course of cerebral blood
flow velocity in central nervous system infections. A tran-
scranial Doppler sonography study.", Arch Neurol. 1993
Jan; 50(1): 98-101. Novel coronavirus infection (COVID-
19) can cause central nervous system symptoms and
may produce a condition (pathology) similar to encepha-
litis (viral meningitis). In this case, systemic inflammation
is thought to cause an increased systemic blood flow,
resulting in an increase in a cerebral blood flow. Consid-
ering the fact that the ophthalmic artery branches from
the same blood vessel as the middle cerebral artery, it
is highly likely that a change in a blood flow also occurs
in the ophthalmic artery and also the retinal artery beyond
it. Therefore, a change in a cerebral blood flow associated
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with worsening of an infectious disease may be detected
from a parameter such as a blood flow velocity value or
a blood flow rate value obtained by the use of an optical
coherence tomography blood flowmeter.
[0098] Taking such a background into account, the
present aspect example may be configured to use ocular
blood flow data, which has been acquired by an ocular
blood flow measurement apparatus (e.g., optical coher-
ence tomography blood flowmeter) in the data acquiring
unit 10, as an evaluation index for an abnormal cerebral
blood flow associated with novel coronavirus infection
(COVID-19). The same may apply to other types of in-
fectious diseases.
[0099] In regard to auscultatory sound data, it may be
used as an evaluation index for pneumonia associated
with novel coronavirus infection (COVID-19) by, for ex-
ample, implementing the technique or technology dis-
closed in the following document: Japanese Unexamined
Patent Application Publication (Translation of PCT Ap-
plication) No. 2018-516616 (International Publication No.
WO 2016/166318). The same may apply to other types
of infectious diseases.
[0100] The data processor 20 is configured, for exam-
ple, to perform data processing based on any of the
above knowledge in order to detect a certain conditional
change in a circulatory system associated with a certain
infectious disease. FIG. 3 shows an example of the con-
figuration of the data processor 20 of the present aspect.
The data processor 20 of the present example includes
the blood oxygen saturation data processor 21, the aus-
cultatory sound data processor 22, the ocular image data
processor 23, and the ocular blood flow data processor
24. The data processor 20 may be configured to generate
a final output on the basis of outputs from two or more
of these processors 21 to 24.
[0101] The blood oxygen saturation data processor 21
may be configured to perform diagnostic inference re-
garding a state or condition (change in a state or condi-
tion) of a circulatory system associated with an infectious
disease by, for example, executing processing of blood
oxygen saturation data, which is stored in the blood ox-
ygen saturation data part 110 of the data configuration
100 shown in FIG. 2, by the use of a processor configured
to operate in accordance with a program created based
at least on the above knowledge on blood oxygen satu-
ration. For example, the blood oxygen saturation data
processor 21 may perform diagnostic inference by com-
paring an oxygen saturation value shown by the blood
oxygen saturation data with a predetermined threshold
value.
[0102] Further, the blood oxygen saturation data proc-
essor 21 may be configured to perform diagnostic infer-
ence regarding a state or condition (change in a state or
condition) of a circulatory system associated with an in-
fectious disease by, for example, executing processing
of blood oxygen saturation data, which is stored in the
blood oxygen saturation data part 110, using a trained
model constructed by machine learning based at least

on the above knowledge on blood oxygen saturation.
This machine learning may be performed using training
data that includes, for example, clinically collected blood
oxygen saturation data and corresponding diagnostic re-
sult data. This diagnostic result data may be determined,
for example, by a doctor or another inference model
(trained model) on the basis of relevant blood oxygen
saturation data. The trained model constructed in this
way is configured to receive an input of blood oxygen
saturation data recorded in the blood oxygen saturation
data part 110 and to output inferred diagnostic data re-
garding a condition (conditional change) of a circulatory
system associated with an infectious disease.
[0103] The auscultatory sound data processor 22 may
be configured to perform diagnostic inference regarding
a state or condition (change in a state or condition) in a
circulatory system associated with an infectious disease
by, for example, executing processing of auscultatory
sound data by the use of a processor configured to op-
erate in accordance with a program created based at
least on the above knowledge on auscultatory sounds
such as breath sounds and/or heart sounds. Here, the
auscultatory sound data to be processed is recorded in
the auscultatory sound data part 120 of the data config-
uration 100 shown in FIG. 2 and may be, for example,
lung sound data recorded in the lung sound data part
121. For example, the auscultatory sound data processor
22 may be configured to perform diagnostic inference on
the basis of a characteristic (feature, property) of a wave-
form shown in the auscultatory sound data, that is, on
the basis of a sound profile of the auscultatory sound
data.
[0104] Further, the auscultatory sound data processor
22 may be configured to perform diagnostic inference
regarding a state or condition (change in a state or con-
dition) in a circulatory system associated with an infec-
tious disease by, for example, executing processing of
auscultatory sound data using a trained model construct-
ed by machine learning based at least on the above
knowledge on auscultatory sounds such as breath
sounds and/or heart sounds. Here, the auscultatory
sound data to be processed is recorded in the ausculta-
tory sound data part 120, and may include lung sound
data recorded in the lung sound data part 121. This ma-
chine learning may be conducted using training data that
includes, for example, clinically collected auscultatory
sound data and corresponding diagnostic result data.
This diagnostic result data is determined, for example,
by a doctor or another inference model (trained model)
based on relevant auscultatory sound data. The trained
model constructed in this way is configured to receive an
input of auscultatory sound data recorded in the auscul-
tatory sound data part 120 (e.g., lung sound data record-
ed in the lung sound data part 121), and to output inferred
diagnostic data regarding a condition (conditional
change) of a circulatory system associated with an infec-
tious disease.
[0105] The ocular image data processor 23 may be
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configured to perform diagnostic inference regarding a
state or condition (change in a state or condition) in a
circulatory system associated with an infectious disease
by, for example, executing processing of ocular image
data by the use of a processor configured to operate in
accordance with a program created based at least on the
above knowledge on an ocular image such as a fundus
image. Here, the ocular data to be processed is recorded
in the ocular image data part 130 of the data configuration
100 shown in FIG. 2 and may include either one of or
both fundus image data recorded in the fundus image
data part 131 and color fundus image data recorded in
the color fundus image data part 132. For example, the
ocular image data processor 23 may be configured to
perform diagnostic inference based on a characteristic
(feature, property) of ocular image data such as blood
vessel tortuosity, color information, and so forth.
[0106] In some examples, the ocular image data proc-
essor 23 may be configured to perform diagnostic infer-
ence regarding a state or condition (change in a state or
condition) in a circulatory system associated with an in-
fectious disease by, for example, executing processing
of ocular image data using a trained model constructed
by machine learning based at least on the above knowl-
edge on an ocular image such as a fundus image. Here,
the ocular image data to be processed is recorded in the
ocular image data part 130, such as either one of or both
fundus image data recorded in the fundus image data
part 131 and color fundus image data recorded in the
color fundus image data part 132. This machine learning
may be conducted using training data that includes, for
example, clinically collected ocular image data and cor-
responding diagnostic result data. This diagnostic result
data is determined, for example, by a doctor or another
inference model (trained model) based on relevant ocular
image data. The trained model constructed in this way
is configured to receive an input of ocular image data
recorded in the ocular image data part 130 (e.g., fundus
image data recorded in the fundus image data part 131
and/or color fundus image data recorded in the color fun-
dus image data part 132), and to output inferred diag-
nostic data regarding a condition (conditional change) of
a circulatory system associated with an infectious dis-
ease.
[0107] An example of the ocular image data processor
23 configured using machine learning is shown in FIG.
4. The ocular image data processor 23 of the present
example includes the inference processor 230. As de-
scribed above, the inference processor 230 may be con-
figured to execute inference processing that derives in-
formation on a conditional change in a circulatory system
from ocular image data acquired from a patient by the
data acquiring unit 10, by using a trained model con-
structed by machine learning using training data that in-
cludes clinical data such as ocular image data and diag-
nostic result data.
[0108] By conducting machine learning (supervised
learning) based on such training data, a trained model

(inference model) is created which is configured to re-
ceive an input of ocular image data acquired from a pa-
tient by the data acquiring unit 10 and to output inferred
diagnostic data on a conditional change in a circulatory
system.
[0109] The inference processor 230 includes the
trained model obtained in this way, and is configured to
input ocular image data acquired from a patient by the
used of the data acquiring unit 10 into the trained model,
and to send resulting inferred diagnostic data output from
the trained model to the output unit 30.
[0110] Machine learning algorithms that can be used
for some aspect examples are not limited to supervised
learning, and may be any types of algorithms such as
unsupervised learning, semi-supervised learning, rein-
forcement learning, transduction, and multi-task learn-
ing. A combination of any two or more algorithms may
also be employed.
[0111] Methods and techniques of machine learning
that can be used for some aspect examples may be freely
selected, and may be any methods and techniques such
as neural network, support vector machine, decision tree
learning, association rule learning, genetic programming,
clustering, Bayesian network, feature learning, represen-
tation learning, and extreme learning machine. A combi-
nation of any two or more methods and techniques may
also be employed.
[0112] An example of the configuration of the inference
processor 230 is shown in FIG. 5. The inference proces-
sor 230 of the present example includes the first trained
model 231 and the second trained model 232.
[0113] The first trained model 231 is constructed by
machine learning using training data that includes fundus
image data and diagnostic result data. For example, the
first trained model 231 includes a convolutional neural
network. The convolutional neural network includes, for
example, an input layer, a convolutional layer, a pooling
layer, a fully connected layer, and an output layer. Fundus
image data is input into the input layer, and the convolu-
tional layer applies filtering (convolution) to the fundus
image data input, thereby creating a feature map with
regard to tortuosity of blood vessels. The pooling layer
executes data compression while retaining the features
obtained by the convolutional layer, and the fully con-
nected layer extracts characteristic findings (feature find-
ings, property findings) from all the data obtained by the
pooling layer and makes a determination (judgment). The
output layer outputs the data obtained by the fully con-
nected layer. By inputting fundus image data acquired
from a patient by the data acquiring unit 10 into the first
trained model 231, information regarding a conditional
change in a circulatory system with the tortuosity state
of blood vessels taken into account is generated. By em-
ploying the first trained model 231 configured in this man-
ner, the data processor 20 is capable of detecting a con-
ditional change in a circulatory system on the basis of a
running pattern of blood vessels depicted in fundus im-
age data of a patient.
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[0114] It should be noted that features related to a
blood vessel are not limited to running patterns thereof.
For example, a change in a blood vessel diameter (dila-
tion and contraction of a blood vessel) may be taken into
consideration to obtain information on a conditional
change in a circulatory system. Blood vessel diameter
may be calculated, for example, by analyzing fundus im-
age data or optical coherence tomography image data.
In order to implement blood vessel diameter measure-
ment, any known techniques or methods can be em-
ployed, for example those described in the following doc-
uments: Japanese Unexamined Patent Application Pub-
lication No. 2016-43155, and Japanese Unexamined
Patent Application Publication No. 2020-48730.
[0115] The second trained model 232 is constructed
by machine learning using training data that includes
color fundus image data and diagnostic result data. For
example, the second trained model 232 includes a con-
volutional neural network. The convolutional neural net-
work includes, for example, an input layer, a convolution-
al layer, a pooling layer, a fully connected layer, and an
output layer. Color fundus image data is input into the
input layer, and the convolutional layer creates a feature
map with regard to color information (e.g., R value, G
value, B value) by applying filtering (convolution) to the
color fundus image data input. The pooling layer exe-
cutes data compression while retaining the features ob-
tained by the convolutional layer, and the fully connected
layer extracts characteristic findings (feature findings,
property findings) from all the data obtained in the pooling
layer and makes a determination (judgment). The output
layer outputs the data obtained by the fully connected
layer. By inputting color fundus image data acquired from
a patient by the data acquiring unit 10 into the second
trained model 232, information regarding a conditional
change in a circulatory system with the color tone of an
eye fundus taken into account is generated. By employ-
ing the second trained model 232 configured in this man-
ner, the data processor 20 is capable of detecting a con-
ditional change in a circulatory system on the basis of
color information from color fundus image data of a pa-
tient.
[0116] A trained model configured to process data of
a type different from ocular image data may also have a
configuration similar to that described above. In the case
of processing time series data such as waveform data,
follow-up data, video data, or audio data, a trained model
for this processing may include a recurrent neural net-
work. Training data used for machine learning may in-
clude data generated from clinical data by a computer.
Machine learning may include transfer learning.
[0117] The ocular blood flow data processor 24 may
be configured to execute diagnostic inference regarding
a state or condition (change in a state or condition) in a
circulatory system associated with an infectious disease
by, for example, executing processing of ocular blood
flow data by the use of a processor configured to operate
in accordance with a program created based at least on

the above knowledge on ocular blood flow such as fundus
blood flow. Here, the ocular blood flow data to be proc-
essed is recorded in the ocular blood flow data part 140
of the data configuration 100 shown in FIG. 2, and may
include one or more of the following types of data: wave-
form data recorded in the waveform data part 142, blood
flow velocity data recorded in the blood flow velocity data
part 143, and blood flow rate data recorded in the blood
flow rate data part 144. In some examples, the ocular
blood flow data processor 24 may be configured to per-
form diagnostic inference based on a characteristic (fea-
ture, property) of ocular blood flow data such as a pa-
rameter that represents a feature of a waveform.
[0118] In some examples, the ocular blood flow data
processor 24 may be configured to perform diagnostic
inference regarding a state or condition (change in a state
or condition) in a circulatory system associated with an
infectious disease by, for example, executing processing
of ocular blood flow data using a trained model construct-
ed by machine learning based at least on the above
knowledge on ocular blood flow such as fundus blood
flow. Here, the ocular blood flow data to be processed is
recorded in the ocular blood flow data part 140, and may
include one or more of the following types of data: wave-
form data recorded in the waveform data part 142, blood
flow velocity data recorded in the blood flow velocity data
part 143, and blood flow rate data recorded in the blood
flow rate data part 144. This machine learning may be
conducted using training data that includes, for example,
clinically collected ocular blood flow data and corre-
sponding diagnostic result data. This diagnostic result
data is determined, for example, by a doctor or another
inference model (trained model) based on relevant ocular
blood flow data. The trained model constructed in this
way is configured to receive an input of ocular blood flow
data recorded in the ocular blood flow data part 140 (e.g.,
at least one of: waveform data recorded in the waveform
data part 142, blood flow velocity data recorded in the
blood flow velocity data part 143, and blood flow rate data
recorded in the blood flow rate data part 144), and to
output inferred diagnostic data regarding a condition
(conditional change) of a circulatory system associated
with an infectious disease.
[0119] In the case where fundus blood flow data in-
cludes waveform data, the data processor 20 may be
configured to detect a conditional change in a circulatory
system based on this waveform data. This detection
process typically takes into account a parameter that
shows a characteristic (feature, property) of the wave-
form.
[0120] In the case where fundus blood flow data in-
cludes two or more pieces of waveform data respectively
acquired from a patient in two or more different time pe-
riods (e.g., in the case where two or more pieces of wave-
form data have been acquired for the purpose of follow-
up), the data processor 20 may detect a conditional
change in a circulatory system by comparing the two or
more pieces of waveform data. This detection process
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typically takes into account a change in a parameter that
shows a characteristic (feature, property) of a waveform.
[0121] In the case where fundus blood flow data in-
cludes either one of or both blood flow velocity data and
blood flow rate data for a fundus artery of a patient, the
data processor 20 may detect a conditional change in a
circulatory system based on either one of or both the
blood flow velocity data and the blood flow rate data. This
detection process typically takes into account the mag-
nitude of the values thereof.
[0122] In the case where fundus blood flow data in-
cludes two or more pieces of blood flow velocity data
respectively acquired from a patient in two or more dif-
ferent time periods (e.g., in the case where two or more
pieces of blood flow velocity data have been acquired for
the purpose of follow-up), the data processor 20 may
detect a conditional change in a circulatory system by
comparing the two or more pieces of blood flow velocity
data. This detection process typically takes into account
a change in the value of blood flow velocity.
[0123] In the case where fundus blood flow data in-
cludes two or more pieces of blood flow rate data respec-
tively acquired from a patient in two or more different time
periods (e.g., in the case where two or more pieces of
blood flow rate data have been acquired for the purpose
of follow-up), the data processor 20 may detect a condi-
tional change in a circulatory system by comparing the
two or more pieces of blood flow rate data. This detection
process typically takes into account a change in the value
of blood flow rate.
[0124] Similar processes can be employed in the cases
of processing other types of data (e.g., body temperature
data, heart rate data, blood pressure data, etc.). More
specifically, in such cases, processing can be performed
by the use of a processor configured to operate in ac-
cordance with a program created based at least on cor-
responding knowledge (relevant knowledge) and/or by
the use of a trained model constructed by machine learn-
ing based at least on corresponding knowledge (relevant
knowledge).
[0125] According to the data processor 20 of the
present aspect example that has such a configuration,
any of the following events (phenomena) can be detected
as a conditional change in a circulatory system associ-
ated with an infectious disease: an onset of pneumonia,
a change in a condition of pneumonia (becoming severer,
becoming milder, becoming asymptomatic), an onset of
hypoxemia, a change in a condition of hypoxemia (be-
coming severer, becoming milder, becoming asympto-
matic), and a change in a condition of cerebral blood flow
(becoming severer, becoming milder, becoming asymp-
tomatic). The data processor 20 may be configured to be
capable of detecting any other types of conditional
changes associated with an infectious disease, and also
may be configured to be capable of detecting any types
of conditional changes (regardless of the connection with
an infectious disease).
[0126] In addition, an item (e.g., disease, symptom,

etc.) on which diagnostic inference is executed by the
data processor 20 may be freely selected. For example,
the data processor 20 may be configured to perform in-
ference processing regarding pneumonia. More specifi-
cally, the data processor 20 may be configured to perform
the following types of inference processing: inference
processing for calculating a probability that a patient has
pneumonia (pneumonia contraction probability), infer-
ence processing for calculating a probability that a patient
has an infectious disease associated with pneumonia (in-
fectious disease contraction probability), inference
processing for determining a severity of pneumonia in a
patient (pneumonia severity), and inference processing
for determining a severity of infectious disease associat-
ed with pneumonia in the patient (infectious disease se-
verity).
[0127] The infectious disease associated with pneu-
monia may be, for example, novel coronavirus infection
(COVID-19). Further, the severity of the infectious dis-
ease associated with pneumonia may be related to freely
selected symptoms such as cytokine storm, fever, con-
junctival hyperemia (conjunctival congestion), nasal con-
gestion, headache, cough, sore throat, sputum, bloody
sputum, malaise, fatigue, shortness of breath, nausea,
vomiting, diarrhea, myalgia, joint pain, chills, and so forth.
In addition, the severity of the infectious disease associ-
ated with pneumonia may be related to any underlying
medical conditions, application of dialysis, administration
of specific medications, and so forth. Examples of the
underlying medical conditions include diabetes, heart
failure, and respiratory diseases such as chronic obstruc-
tive pulmonary disease (COPD). Examples of the specific
medications include immunosuppressants (immunosup-
pressive drugs, immunosuppressive agents), and anti-
cancer drugs.
[0128] The output unit 30 is configured to output a re-
sult of processing performed by the data processor 20.
The mode or aspect of output processing may be freely
selected, and may be any of transmission, display, re-
cording, and printing. Information output by the output
unit 30 may be the result of the processing executed by
the data processor 20 (e.g., a result obtained by the de-
tection of a conditional change in a circulatory system
associated with an infectious disease), may be informa-
tion including the result of the processing, or may be in-
formation generated by applying further processing to
the result of the processing. For example, the medical
system 1 may further include a report creating unit (not
shown in the drawings) that is configured to generate a
report based on a result of detection of a conditional
change in a circulatory system obtained by the data proc-
essor 20. If this is the case, the output unit 30 may output
the report generated in this way.
[0129] A configuration example of the output unit 30 is
shown in FIG. 1. The output unit 30 of the present exam-
ple includes the transmitter 31. The transmitter 31 is con-
figured to transmit a result of processing performed by
the data processor 20 to the doctor’s computer terminal
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3. The doctor’s computer terminal 3 is located remotely
from the data acquiring unit 10.
[0130] Here, the transmission from the output unit 30
to the doctor’s computer terminal 3 may be direct trans-
mission or indirect transmission. The direct transmission
is a mode or aspect of transmitting a result of the process-
ing (e.g., a detection result, a report, etc.) from the output
unit 30 to the doctor’s computer terminal 3. On the other
hand, the indirect transmission is a mode or aspect of
transmitting a result of the processing to an apparatus or
device (e.g., a server, a database, etc.) other than the
doctor’s computer terminal 3 and then providing the result
of the processing to the doctor’s computer terminal 3 from
this apparatus or device.
[0131] By employing the configuration, as described
thus far, in which the doctor’s computer terminal 3 is
placed at a remote location from the data acquiring unit
10 and in which a result of processing (or information
generated from a result of processing) acquired by the
data processor 20 based on data acquired from a patient
by the data acquiring unit 10 is provided to the doctor’s
computer terminal 3, social distance between the doctor
(healthcare worker) and the patient can be maintained,
and therefore the risk of infection to the doctor (healthcare
worker) can be reduced.

< Usage mode of medical system >

[0132] An example of a usage mode of the medical
system 1 according to the present aspect example will
be described with reference to the flowchart shown in
FIG. 6.

(S1: Construct trained model)

[0133] In preparation for putting the medical system 1
into implementation, a trained model to be used by the
data processor 20 is constructed. Note that processing
performed at this stage may be updating of a trained mod-
el that has already been used, that is, adjustment or up-
dating of parameters in a trained model that has already
been used.

(S2: Install trained model in data processor)

[0134] In further preparation for putting the medical
system 1 into implementation, the trained model con-
structed in the step S1 is installed in the data processor
20. In this process, for example, the trained model con-
structed in the step S1 is transmitted to the medical sys-
tem 1 through a communication line.

(S3: Acquire data from patient)

[0135] A subject may be, for example, a patient with a
confirmed diagnosis (definitive diagnosis) of novel coro-
navirus infection (COVID-19) or a patient with suspected
novel coronavirus infection (COVID-19). The data acquir-

ing unit 10 of the medical system 1 acquires data of a
predetermined item from a patient. In the present aspect,
the data acquiring unit 10 acquires from the patient two
or more types of data among blood oxygen saturation
data, auscultatory sound data, ocular image data, and
ocular blood flow data. In addition to these types of data,
freely selected types of data may be acquired from the
patient, such as body temperature data, heart rate data,
blood pressure data, ocular characteristic data, and so
forth.
[0136] One or more of the examinations carried out in
the present process may be a remote examination(s) us-
ing the operation device 2.
[0137] The acquired data is recorded, for example, in
conformity with the data configuration 100 in FIG. 2. With
this, a data package for this patient is obtained.
[0138] As described thus far, two or more types of data
are acquired from the patient in the present aspect. Note
that the timings (time points) of acquisitions of the two or
more types of data may be freely determined. For exam-
ple, the second data may be acquired after acquisition
of the first data, the first data may be acquired after ac-
quisition of the second data, or the first data and the sec-
ond data may be acquired in parallel or simultaneously.
[0139] In addition, the difference (time difference) be-
tween the acquisition timings (time points) of two or more
types of data may also be freely determined. For exam-
ple, in the case where at least fundus blood flow data
and heart rate data are acquired, since there is a time
lag between the state (condition) of fundus blood flow
and the state (condition) of heart rate, there is no need
to acquire both fundus blood flow data and heart rate
data at the same time, and, for example, about 10 min-
utes of time difference between their acquisitions may
be allowed. However, it is considered desirable that a
condition affecting a blood circulation state, such as pos-
ture, be the same for both data acquisitions. The same
applies for any condition that can affect other examina-
tion parameters, such as diet, time slot, drug administra-
tion, and so forth.

(S4: Input data into data processor)

[0140] The data acquired in the step S3 is sent to the
data processor 20. At least part of the data that has been
input into the data processor 20 is input into the trained
model constructed in the step S1.

(S5: Generate detection data of conditional change in 
circulatory system)

[0141] The data processor 20 executes processing of
the data input in the step S4 to detect a conditional
change in a circulatory system associated with an infec-
tious disease. As a result of this processing, the data
processor 20 generates, for example, any of the following
types of data: data showing an onset of pneumonia, data
showing a change in the condition of pneumonia, data
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showing an onset of hypoxemia, data showing a change
in the condition of hypoxemia, and data showing a
change in the condition of cerebral blood flow. The data
generated in the present process is referred to as detec-
tion data.

(S6: Create report)

[0142] The medical system 1 (the report creating unit
mentioned above, which is not shown in the drawings)
creates a report based on the detection data generated
in the step S5.

(S7: Transmit report)

[0143] The transmitter 31 of the output unit 30 trans-
mits the report created in the step S6 to the doctor’s com-
puter terminal 3 that is located remotely from the data
acquiring unit 10. Alternatively, the transmitter 31 of the
output unit 30 transmits the report to a computer that is
capable of providing information to the doctor’s computer
terminal 3. The doctor’s computer terminal 3 is not limited
to a computer used by a doctor, and may be a computer
used by a healthcare worker other than a doctor (health-
care worker’s computer terminal).
[0144] According to the medical system 1 of the
present aspect example, it becomes possible to keep
social distances between healthcare workers and pa-
tients, and the risks of healthcare workers getting infected
from patients can be reduced. Furthermore, since the
medical system 1 is configured to automatically perform
diagnostic inference based on two or more types of data
among blood oxygen saturation data, auscultatory sound
data, ocular image data, and ocular blood flow data, a
symptom associated with an infectious disease and an
aggravation sign can be detected with higher precision
than conventional techniques.
[0145] Examinations conducted by a medical system
according to some aspect examples are non-invasive.
For example, all of the following apparatuses or devices,
which are examples of examination apparatuses that can
be used in the medical system 1, can acquire data from
a patient in a noninvasive manner: a pulse oximeter, an
electronic stethoscope, an optical coherence tomogra-
phy apparatus, a fundus camera (of non-mydriatic type),
a slit lamp microscope, a scanning laser ophthalmo-
scope, laser speckle flowgraphy apparatus, a thermom-
eter, a heart rate meter, an electrocardiogram meter, a
blood flow meter, a respiratory monitoring system, a
blood pressure meter, an ocular refraction measurement
apparatus, a tonometer, a specular microscope, a wave-
front analyzer, a visual acuity test apparatus, a perimeter,
a microperimeter, an ocular axial length measurement
apparatus, an electroretinography apparatus, a binocular
visual function examination apparatus, a color vision ex-
amination apparatus. Non-invasive examination appara-
tuses that can be used in the medical system of aspect
examples are not limited to these. Note that one or more

of the examination apparatuses may be invasive such
as a mydriatic-type fundus camera.

< Medical information processing apparatus >

[0146] An example of a medical information process-
ing apparatus according to some aspect examples will
be described. An example of the medical information
processing apparatus 5 shown in FIG. 7 includes the data
receiving unit 51, the data processor 52, and the output
unit 53.
[0147] The data acquisition system 6, the operation
device 7, and the doctor’s computer terminal 8 are pro-
vided exterior to the medical information processing ap-
paratus 5 of the present aspect.
[0148] The data acquisition system 6 is configured to
acquire from a patient two or more types of data among
blood oxygen saturation data, auscultatory sound data,
ocular image data, and ocular blood flow data. The data
acquisition system 6 may also be configured to further
acquire from the patient either one of or both body tem-
perature data and heart rate data.
[0149] At least part of the configuration of the data ac-
quisition system 6 may be the same as at least part of
the data acquiring unit 10 of the medical system 1 de-
scribed above. Any matters and items described for the
data acquiring unit 10 can be combined with the data
acquisition system 6. The data acquired by the data ac-
quisition system 6 may, for example, be recorded in con-
formity with the data configuration 100 shown in FIG. 2.
[0150] The operation device 7 is used by a healthcare
worker to perform remote operation of the data acquisi-
tion system 6 (examination apparatus). The operation
device 7 includes, for example, a computer and an op-
eration panel. At least part of the configuration of the
operation device 7 may be the same as at least part of
the operation device 2 described above. Any matters and
items described for the operation device 2 can be com-
bined with the operation device 7.
[0151] The doctor’s computer terminal 8 is located at
a remote location from the data acquisition system 6. At
least part of the configuration of the doctor’s computer
terminal 8 may be the same as at least part of the doctor’s
computer terminal 3 described above. Any matters and
items described for the doctor’s computer terminal 3 can
be combined with the doctor’s computer terminal 8.
[0152] The data receiving unit 51 is configured to re-
ceive two or more types of data among blood oxygen
saturation data, auscultatory sound data, ocular image
data, and ocular blood flow data that have been acquired
from the patient. In the example shown in FIG. 7, data is
input from the data acquisition system 6 into the data
receiving unit 51, but the manner or mode of data input
is not limited to this. For example, data acquired by the
data acquisition system 6 may be stored in a database
or the like, and then the data may be input into the data
receiving unit 51 from this database. The data receiving
unit 51 may include, for example, a communication de-
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vice (telecommunication equipment) for connecting to a
communication line, a drive device that reads out data
recorded on a recording medium, and so forth.
[0153] The data processor 52 is configured to execute
processing of the two or more types of data received by
the data receiving unit 51 in order to detect a conditional
change in a circulatory system associated with an infec-
tious disease. At least part of the configuration of the data
processor 52 may be the same as at least part of the
data processor 20 of the medical system 1 described
above. Any matters and items described for the data
processor 20 can be combined with the data processor
52.
[0154] The output unit 53 is configured to output a re-
sult of the processing carried out by the data processor
52. The output unit 53 of the present example includes
the transmitter 54. The transmitter 54 is configured to
transmit a result of the processing carried out by the data
processor 52 to the doctor’s computer terminal 8 that is
located remotely from the data acquisition system 6. At
least part of the configuration of the output unit 53 may
be the same as at least part of the output unit 30 of the
medical system 1 described above. Any matters and
items described for the output unit 30 can be combined
with the output unit 53. Similarly, at least part of the con-
figuration of the transmitter 54 may be the same as at
least part of the transmitter 41 of the medical system 1
described above, and any matters and items described
for the transmitter 41 can be combined with the transmit-
ter 54.
[0155] Any matters and items described for the medical
system 1 described above can be combined with the
medical information processing apparatus 5.
[0156] According to the medical information process-
ing apparatus 5 described herein, it becomes possible
to keep social distances between healthcare workers and
patients, and the risks of healthcare workers getting in-
fected from patients can be reduced. Furthermore, since
the medical information processing apparatus 5 is con-
figured to automatically perform diagnostic inference
based on two or more types of data among blood oxygen
saturation data, auscultatory sound data, ocular image
data, and ocular blood flow data, a symptom associated
with an infectious disease and an aggravation sign can
be detected with higher precision than conventional tech-
niques.

EXPLANATION OF REFERENCE CHARACTERS

[0157]

1 Medical system
2 Operation device
3 Doctor’s computer terminal
10 Data acquiring unit
20 Data processor
21 Blood oxygen saturation data processor
22 Auscultatory sound data processor

23 Ocular image data processor
230 Inference processor
231 First trained model
232 Second trained model
24 Ocular blood flow data processor
30 Output unit
31 Transmitter
100 Data configuration
110 Blood oxygen saturation data part
120 Auscultatory sound data part
130 Ocular image data part
140 Ocular blood flow data part

Claims

1. A medical system comprising:

a data acquiring unit configured to acquire from
a patient two or more types of data among blood
oxygen saturation data, auscultatory sound da-
ta, ocular image data, and ocular blood flow da-
ta; and
a data processor configured to process the two
or more types of data acquired by the data ac-
quiring unit to detect a conditional change in a
circulatory system associated with an infectious
disease.

2. The medical system according to claim 1, wherein
the conditional change in the circulatory system in-
cludes one or more of an onset of pneumonia, a
change in a condition of pneumonia, an onset of hy-
poxemia, a change in a condition of hypoxemia, and
a change in a condition of cerebral blood flow.

3. The medical system according to claim 1 or 2, where-
in the ocular image data includes fundus image data
depicting an eye fundus of the patient.

4. The medical system according to claim 3, wherein
the data processor is configured to detect the con-
ditional change in the circulatory system based on a
running pattern of a blood vessel depicted in the fun-
dus image data.

5. The medical system according to claim 4, wherein
the fundus image data includes one or more types
of image data among fundus camera image data, slit
lamp image data, optical coherence tomography im-
age data, and scanning laser image data.

6. The medical system according to claim 1 or 2, where-
in the ocular image data includes color fundus image
data depicting an eye fundus of the patient.

7. The medical system according to claim 6, wherein
the data processor is configured to detect the con-
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ditional change in the circulatory system based on
color information in the color fundus image data.

8. The medical system according to claim 7, wherein
the color fundus image data includes one or more
types of image data among fundus camera image
data, slit lamp image data, and scanning laser image
data.

9. The medical system according to any of claims 1 to
8, wherein the data processor includes an inference
processor configured to perform inference process-
ing that derives information on the conditional
change in the circulatory system from the ocular im-
age data acquired by the data acquiring unit by using
a trained model constructed by machine learning us-
ing training data that includes ocular image data and
diagnostic result data.

10. The medical system according to any of claims 1 to
9, wherein the ocular blood flow data includes fundus
blood flow data that represents blood flow dynamics
in an eye fundus blood vessel of the patient.

11. The medical system according to claim 10, wherein

the fundus blood flow data includes waveform
data that represents a time series change in
blood flow velocity in an eye fundus artery of the
patient, and
the data processor is configured to detect the
conditional change in the circulatory system
based on the waveform data.

12. The medical system according to claim 11, wherein

the fundus blood flow data includes two or more
pieces of waveform data respectively acquired
from the patient in two or more different time
periods, and
the data processor is configured to detect the
conditional change in the circulatory system by
comparing the two or more pieces of waveform
data.

13. The medical system according to any of claims 10
to 12, wherein

the fundus blood flow data includes either one
of or both blood flow velocity data and blood flow
rate data for the eye fundus artery of the patient,
and
the data processor is configured to detect the
conditional change in the circulatory system
based on either one of or both the blood flow
velocity data and the blood flow rate data.

14. The medical system according to any of claims 10

to 13, wherein the data acquiring unit includes an
optical coherence tomography apparatus configured
to perform scanning of an eye fundus of the patient
to acquire the fundus blood flow data.

15. The medical system according to any of claims 1 to
14, wherein the auscultatory sound data includes
lung sound data acquired from the patient by an elec-
tronic stethoscope.

16. The medical system according to any of claims 1 to
15, wherein the data acquiring unit is configured to
further acquire either one of or both body tempera-
ture data and heart rate data from the patient.

17. The medical system according to any of claims 1 to
16, further comprising a transmitter configured to
transmit information output from the data processor
to a doctor’s computer terminal located remotely
from the data acquiring unit.

18. The medical system according to any of claims 1 to
17, further comprising an operation unit used for per-
forming a remote operation of the data acquiring unit.

19. A medical information processing apparatus com-
prising:

a data receiving unit configured to receive two
or more types of data among blood oxygen sat-
uration data, auscultatory sound data, ocular im-
age data, and ocular blood flow data acquired
from a patient; and
a data processor configured to process the two
or more types of data received by the data re-
ceiving unit to detect a conditional change in a
circulatory system associated with an infectious
disease.

20. The medical information processing apparatus ac-
cording to claim 19, wherein the conditional change
in the circulatory system includes one or more of an
onset of pneumonia, a change in a condition of pneu-
monia, an onset of hypoxemia, a change in a condi-
tion of hypoxemia, and a change in a condition of
cerebral blood flow.

21. The medical information processing apparatus ac-
cording to claim 19 or 20, wherein the ocular image
data includes fundus image data depicting an eye
fundus of the patient.

22. The medical information processing apparatus ac-
cording to claim 21, wherein the data processor is
configured to detect the conditional change in the
circulatory system based on a running pattern of a
blood vessel depicted in the fundus image data.
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23. The medical information processing apparatus ac-
cording to claim 19 or 20, wherein the ocular image
data includes color fundus image data depicting an
eye fundus of the patient.

24. The medical information processing apparatus ac-
cording to claim 23, wherein the data processor is
configured to detect the conditional change in the
circulatory system based on color information in the
color fundus image data.

25. The medical information processing apparatus ac-
cording to any of claims 19 to 24, wherein the data
processor includes an inference processor config-
ured to perform inference processing that derives
information on the conditional change in the circula-
tory system from the ocular image data received by
the data receiving unit by using a trained model con-
structed by machine learning using training data that
includes ocular image data and diagnostic result da-
ta.

26. The medical information processing apparatus ac-
cording to any of claims 19 to 25, wherein the ocular
blood flow data includes fundus blood flow data that
represents blood flow dynamics in an eye fundus
blood vessel of the patient.

27. The medical information processing apparatus ac-
cording to claim 26, wherein

the fundus blood flow data includes waveform
data that represents a time series change in
blood flow velocity in an eye fundus artery of the
patient, and
the data processor is configured to detect the
conditional change in the circulatory system
based on the waveform data.

28. The medical information processing apparatus ac-
cording to claim 27, wherein

the fundus blood flow data includes two or more
pieces of waveform data respectively acquired
from the patient in two or more different time
periods, and
the data processor is configured to detect the
conditional change in the circulatory system by
comparing the two or more pieces of waveform
data.

29. The medical information processing apparatus ac-
cording to any of claims 26 to 28, wherein

the fundus blood flow data includes either one
of or both blood flow velocity data and blood flow
rate data for the eye fundus artery of the patient,
and

the data processor is configured to detect the
conditional change in the circulatory system
based on either one of or both the blood flow
velocity data and the blood flow rate data.

30. The medical information processing apparatus ac-
cording to any of claims 19 to 29, wherein the aus-
cultatory sound data includes lung sound data.

31. The medical information processing apparatus ac-
cording to any of claims 19 to 30, wherein the data
receiving unit further receives either one of or both
body temperature data and heart rate data acquired
from the patient.

32. The medical information processing apparatus ac-
cording to any of claims 19 to 31, further comprising
a transmitter configured to transmit information gen-
erated by the data processor to a doctor’s computer
terminal located remotely from at least one appara-
tus used to acquire the two or more types of data
from the patient.
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